1. Introduction
===============

Microbial keratitis following penetrating keratoplasty (PKP) is a potentially devastating event necessitating urgent therapeutic intervention to prevent graft failure and subsequent poor visual outcome. Incidence of the infection ranges from 1.5% to 12.1% worldwide.^\[[@R1]--[@R8]\]^ Infection due to contaminated donor tissue or intraoperative contamination is rare and is usually noted soon after PKP.^\[[@R9]\]^ The environment accounts for the most common source of microbial keratitis after PKP.^\[[@R1],[@R5],[@R7],[@R9]\]^ Transplanted corneas are more susceptible than normal ones to infections for several reasons, such as prolonged retention of sutures and inevitable long-term use of corticosteroids.^\[[@R10]\]^ Many other factors have also been associated with the development of microbial keratitis following PKP.^\[[@R11]\]^

Up to now only 2 studies,^\[[@R5],[@R7]\]^ both conducted before year 2000, concerning microbial keratitis following keratoplasty were reported from Taiwan. The purpose of this study was to present an updated survey on graft infection after corneal transplantation and to illustrate the changing trends regarding clinical and microbiological profiles over time at our institution in Taiwan.

2. Materials and methods
========================

2.1. Patients and ethnic declarations
-------------------------------------

This study was approved by Institutional Review Board at the Chang Gung Memorial Hospital, Linkou, Taiwan (Registration No. 96-0035B). The medical records of 648 consecutive patients (648 eyes) undergoing PKP during a 5-year period (January 2003 to December 2007) at the Chang Gung Memorial Hospital were reviewed retrospectively. Only those with a discharge diagnosis of microbial keratitis in the graft and whose microbiologic culture results were positive for bacteria, fungi, or acanthamoeba were enrolled. The exclusion criteria were sterile ulcer, clinically suspected viral keratitis, and follow-up less than 1 month. All the managements and interventions performed in this study involving human patient are adhered to the Declaration of Helsinki in 1964 and its later amendments.

2.2. Microbiological investigation
----------------------------------

All patients manifesting with corneal infiltrates after PKP were subjected to corneal scrapings obtained from the peripheral and central areas of the infiltrate. Cultures were performed on chocolate agar, sheep blood agar, and thioglycolate broth and were incubated at 37 °C. Sabouraud agar plates were obtained and maintained at 25 °C to enhance fungal growth. Selective media of aerobic and anaerobic bacteria, atypical mycobacteria, and acanthamoeba were also used in patients with suggestive clinical characteristics. Gram-stained smears were performed as a routine. Positive microbial cultures were defined as growth of the same pathogen on 2 or more culture media or as growth on 1 medium of pathogens seen on stained smears of corneal scrapings. Positive fungal culture was defined on morphology.^\[[@R12]\]^

2.3. The protocol of treatment
------------------------------

The protocol for initial therapy consisted of immediate admission and administration of hourly broad-spectrum topical antibiotic coverage pending the results of the preliminary microbiological investigation, despite the subtle variations of choices amongst the staffs of the Corneal Service. Topical hourly antibiotics consisting of vancomycin (25 mg/mL) or cefazolin (25 mg/mL) and amikacin (25 mg/mL) or ceftazidime (25 mg/mL) and antifungal eye drops consisting of natamycin 5% (Alcon, Fort Worth, TX) or amphotericin B (0.5 mg/mL) were used as an initial empirical treatment. Subsequent modification of the medication was made according to the results of bacterial cultures and sensitivities. The frequencies of the topical antibiotics, as well as the addition of topical corticosteroids, were adjusted according to the clinical progression (resolution of the infiltrate and epithelialization of the cornea) at the discretion of each clinician.

2.4. Demographic and clinical data
----------------------------------

A standardized protocol for record of each eye was directed to the following: age, sex, laterality, indications for PKP, interval between PKP and onset of keratitis, potential risk factors for microbial keratitis, lesion characteristics, microbiologic profiles, complications, graft survival, and visual outcome.

Among the risk factors, a suture-related infection was specified should an abscess was present at a suture site. Persistent epithelial defect was defined as presence of epithelial defect for more than 2 weeks. Dry eyes were characterized by a Schirmer I test of less than 10 mm.

Lesion characteristics were outlined by the size and the location. The lesion size was measured as the longest diameter, while the location was marked out as either at the center, periphery, or donor--recipient junction (DRJ).

Microbiological profiles covered both culture results and resistance to antibiotics. A positive culture was defined as growth of more than 1 colony of an organism in the inoculating streak of any culture medium.

A clear graft was defined as one with intact epithelium and free of stromal edema, allowing a clear view of iris details. A graft was hence considered failed if iris details were not clear.

3. Results
==========

3.1. Patient demography
-----------------------

During the study period from January 2003 to December 2007, 42 episodes of microbial keratitis were found among 648 PKP patients, resulting in an incidence of 6.5%. The average age at presentation was 49.1 ± 21.5 years (range: 17--81 years). There were 17 females (40.5%) and 25 males (59.5%). The laterality was equally distributed with 23 left eyes (54.8%) and 19 right eyes (45.2%) involved.

The indications for the original PKP are listed in Table [1](#T1){ref-type="table"}. The most commonly registered preoperative diagnosis, in order of decreasing frequency, were regraft (40.5%), aphakic bullous keratoplasty or pseudophakic bullous keratoplasty (23.8%), and traumatic or postinfectious corneal scarring (23.8%).

###### 

Indications for penetrating keratoplasty in 42 patients with microbial keratitis.
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3.2. Interval between PKP and microbial keratitis
-------------------------------------------------

The mean interval between PKP and microbial keratitis was 12.0 ± 9.5 months (range: 1--45 months). Thirty episodes of infection (71.5%) happened beyond the 1st 6 months after PKP, with only 12 events (28.5%) within the 1st 6 months (Table [2](#T2){ref-type="table"}).

###### 

Interval between penetrating keratoplasty and microbial keratitis.
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3.3. Potential risk factors
---------------------------

Potential risk factors have been recognized into 6 major groups and are shown in Table [3](#T3){ref-type="table"}. All of the 13 events of suture-related infections (31.0%) emerged in the graft periphery, and all of the contact lenses used in 6 eyes (14.3%) were for therapeutic purposes. Lid abnormalities contained blepharitis, trichiasis, and lagophthalmos.
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Potential risk factors for microbial keratitis following penetrating keratoplasty.
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3.4. Lesion characteristics
---------------------------

The characteristics of the lesions are categorized according to the location and size, which are summarized in Table [4](#T4){ref-type="table"}. The centrally located infiltrates were predominantly (62.5%) the larger ones (≥4 mm), while the infiltrates located in the periphery (86.7%) of the grafts or at the DRJ (68.4%) were largely the smaller ones (\<4 mm). In terms of location, DRJ was the most common sites (19 eyes), compared to center (8 eyes) and periphery (15 eyes).

###### 

Lesion characteristics in microbial keratitis following penetrating keratoplasty.
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3.5. Microbiologic findings and resistance to antibiotics
---------------------------------------------------------

Pathogens identified are documented in Table [5](#T5){ref-type="table"}. In the morbid 42 eyes, cultures were all positive and only 1 pathogenic organism was identified in each specimen submitted for microbiologic investigation. A broad spectrum of pathogens resulted in the development of graft infection, yet the most common pathogen identified was *Pseudomonas aeruginosa* (38.1%). Twelve of 42 (28.6%) isolates demonstrated resistance to antibiotics. Five resistant strains occurred in 10 gram-positive infections (50.0%), 5 other strains in 21 gram-negative infections (23.8%), and the rest 2 in 11 fungal infections (18.2%).

###### 

Pathogenic organisms in microbial keratitis following penetrating keratoplasty.
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3.6. Complications
------------------

Major complications associated with graft infection are displayed in Table [6](#T6){ref-type="table"}. Graft failure outnumbered all other complications and alone accounted for 71.4% (30 eyes). Hypopyon was encountered in 9 patients (21.4%).

###### 

Complications in microbial keratitis following penetrating keratoplasty.
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There were 6 patients experiencing corneal perforation, and 4 of them received emergent therapeutic PKP utilizing glycerin-preserved corneas.^\[[@R13]\]^ The rest 2 perforated eyes were applied with cyanoacrylate tissue adhesive and therapeutic soft contact lens. In all of the 6 patients, standard PKP was carried out afterwards.

At the DRJ, wound dehiscence resulting from the infection appeared in 5 patients. Unfortunately, 2 eyes developed endophthalmitis. Although repeated intravitreal injections of potent antibiotics were given, both eyes ended up with phthisis bulbi.

3.7. Visual outcome
-------------------

Since legal blindness is generally defined as visual acuity of 20/200, we took 20/200 as a cutoff value to evaluate the visual outcome. At last follow-up, visual acuity regained over 20/200 was seen in 14 eyes, which comprised the total 12 clear grafts and 2 failed ones. As for the other 28 eyes (66.7%), visual acuity deteriorated to less than 20/200 was detected.

4. Discussion
=============

For comparisons between the current and previous studies, Table [7](#T7){ref-type="table"} with important demographic and clinical parameters is provided for the following discussions.

###### 

Microbial keratitis following penetrating keratoplasty: current study and published reports.
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In this study, we have reported microbial keratitis following PKP in one of Taiwan largest tertiary referral centers during a 5-year period from January 2003 to December 2007. The incidence was 6.5% and the most common indication was regraft. Compared with previous works, it showed a decreasing tendency in both incidence and the percentage of corneal scarring as the indication for PKP.^\[[@R2],[@R4]--[@R6],[@R8],[@R10],[@R16]\]^ In a previous study recruiting patients from the same service between January 1993 and December 1997, we found that the incidence was 12.1% and that the leading indications for PKP were postinfectious corneal scarring (30.6%), traumatic corneal scarring (27.8%), and aphakic or pseudophakic bullous keratopathy (19.4%). In the current study, the incidence declined and the leading indications shifted to regraft (40.5%), aphakic bullous keratoplasty or pseudophakic bullous keratopathy (23.8%), and traumatic corneal scarring (14.3%).^\[[@R7]\]^

We reckon that the mean age of patients and the indications of PKP should be 2 determining factors for the decreasing incidence of corneal graft infection. Higher incidences (eg, greater than 10%) were all recorded in patient groups with mean age older than 60 years old.^\[[@R5],[@R7],[@R16]\]^ Generally, the older patients have more risk factors of infectious keratitis such as blepharitis, ocular surgery, and systemic illness.^\[[@R17]\]^ In addition, graft infections are apt to occur or recur given the high percentage of postinfectious corneal scarring as a leading indication in other institutions,^\[[@R2],[@R5],[@R6],[@R8],[@R10]\]^ and also in our previous report.^\[[@R7]\]^ The indications of PKP denoted in such series as featured by microbial keratitis may not reflect the true indications in general surveys for PKP. Interestingly, according to our unpublished data regarding consecutive cases for PKP, regraft was also revealed to be the leading indication for PKP (HCC, MD, PhD, unpublished data, December 2016).

Discrepancy exists among the time interval between PKP and microbial keratitis. Most studies have cited that graft infections usually occur within the 1st postoperative year, and advocated intensive follow-up of the patients for the 1st year postoperatively.^\[[@R1],[@R2],[@R4]--[@R6],[@R11],[@R15]\]^ However, our study disclosed an interval longer than 1 year, only shorter than 26.3 and 38.3 months reported by Wright and Afshari^\[[@R10]\]^ and Sung et al,^\[[@R16]\]^ while the reason for the remarkably long interval remained unclear. Regarding the study conducted earlier from our institution, the mean interval was 8.6 months,^\[[@R7]\]^ a much shorter period than that in the current study. Compared to the study by Huang et al,^\[[@R7]\]^ young age may be the main reason of late infections in our cases, but not in the study reported by Akova et al.^\[[@R6]\]^ We speculate that the younger patients, compared to the aged, are more sensitive to ocular alterations physically and more resistant to pathogens immunologically. Since more than a half of cases in both long-interval series and nearly half in ours (42.9%) experienced infection more than one year after transplantation,^\[[@R10],[@R16]\]^ constant attention postoperatively is always advocated.

Several potential risks factor for post-PKP microbial keratitis have been proposed such as suture-related problems, persistent epithelial defect, and ocular surface disorder.^\[[@R11]\]^ The most prominent risks factor in our study was suture-related problem (31.0%), which is also a major risks factor in other studies which generally account for above 30% and can up to 71.6% in the study conducted by Wagoner et al.^\[[@R2]--[@R6],[@R8],[@R15]\]^ However, 1 study from Korea demonstrated a much lower incidence of 8.8%,^\[[@R16]\]^ which due to aggressive suture management and frequent follow-ups in the 1st postoperative year by their announcement. Compared our current study with previous one by Huang et al,^\[[@R7]\]^ the incidence of suture-related problem in their study was 38.5% which higher than our study. Maybe the much worse lid hygiene condition, which account for 43.6% of risks factor in their study but absent in our study, lead to more susceptibility to suture problem.^\[[@R7]\]^ Other incidence of risks factors is compactible between the current study and our previous one by Huang et al^\[[@R7]\]^ and our study, except decreasing in dry eye incidence (from 28.2% to 11.9%).

The most common occurred site of microbial keratitis following PKP was reported to be DRJ by Akova et al (76.2%) and Tseng and Ling (61.0%).^\[[@R5],[@R6]\]^ In the current study, infection at the DRJ was found in 19 patients (45.2%), also a dominant number compared to lesions at the central and peripheral corneas (19.0% and 35.7%). Weaken structures and artificially created wounds may account for the vulnerability of DRJ to microbial infection. However, Tavakkoli and Sugar^\[[@R4]\]^ demonstrated that palpebral fissure area (PFA) is the most common site for microbial keratitis (57.0%). One possible explanation was that PFA is directly exposed to the external environment and may also involve part of the DRJ. A previous report from our hospital also found that the most common site of microbial keratitis is PFA (41.0%),^\[[@R7]\]^ the exact rate of DRJ infection was not mentioned. As for the characteristics of lesion size, lesions smaller than 4 mm in diameter were more common in our study (69.0%), while those larger than 4 mm tend to develop in the central area (38.5%). Recently, by measuring the 2 dimensions with graduated slit beam, Sung et al^\[[@R16]\]^ discovered that the mean size of infiltration is 15.3 mm^2^ which is also compatible with our results, given the relation between diameter and area.

Many studies have reported gram-positive cocci as the most common organisms responsible for graft infection.^\[[@R2],[@R3],[@R5],[@R6],[@R8],[@R10],[@R14],[@R15]\]^*P aeroginosa* was the most often isolated among gram-negative ulcers,^\[[@R4],[@R18]\]^ and has continued to be the prevailing etiology both in the previous and current series at our institution.^\[[@R7]\]^ Even in a general survey of infectious keratitis (2003--2012), we also reported the similar trend.^\[[@R19]\]^ The occurrence of *P aeroginosa* as a cause of corneal ulcer is frequently associated not only with extended contact lens wear,^\[[@R20],[@R21]\]^ but also with more tropical climates, and with patients that are either debilitated or hospitalized.^\[[@R22]\]^ It began to decline as a causative pathogen during the 1990s presumably related to widespread use of disposable soft contact lenses and availability of topical fluoroquinolones.^\[[@R23],[@R24]\]^ We hypothesize that extended wear of therapeutic soft contact lenses, warmer climate, and restricted 1st-line use of topical fluoroquinolones in Taiwan should be the major causes for the continued popularity of *P aeroginosa* among the microbial keratitis following PKP spanning more than a decade.

Under some circumstances, organisms that are not normally considered pathogenic may become opportunistic in a compromised eye. Overall, fungal infections have been documented variably in 1.3% to 36.1% of cases of microbial keratitis after PKP,^\[[@R3],[@R5],[@R8],[@R14],[@R15],[@R25]\]^ and our study revealed an incidence within the range (18.2%). In the early 1980s' series reported by Tuberville and Wood,^\[[@R1]\]^ none of the patients receiving empirical antibiotics were culture-positive for a resistant organism, and 95.0% of the bacteria tested were sensitive to gentamicin. Surprizingly, in later series, an alarming 50.0% to 89.0% of pathogens exhibited resistance to the prophylactic antibiotics used.^\[[@R3],[@R14],[@R15]\]^ This difference may reflect the emergence of resistant strains in recent years.

Several complications were recorded in our study and, of which, graft failure outweighed all the rest complications (71.4%). The rest complications included hypopyon (21.4%), corneal perforation (14.3%), wound dehiscence (11.9%), and endophthalmitis which lead to phthisis bulbi (4.8%). If compared with other studies, the graft survival rate was relatively low both in our study and that reported by Bates et al,^\[[@R3]\]^ but not in others.^\[[@R4],[@R5],[@R8],[@R14]--[@R16]\]^ On the other hand, the incidence of complications such as hypopyon, corneal perforation, wound dehiscence, and endophthalmitis was similar between ours and other studies.^\[[@R3]--[@R5],[@R7],[@R10],[@R14]--[@R16]\]^ Since regraft was the most common preoperative diagnosis in our study which leads to a surged risk of graft failure,^\[[@R26]\]^ it is predictable that our study has a higher ratio of graft failure. The incidence of corneal perforation in our previous study by Huang et al^\[[@R7]\]^ was lower than that of the current study (10.3%), but poorer prognosis was reported in patients sustaining corneal perforation, in which 3 patients later underwent repeated PKP and 1 turned out to be phthisical. In addition, the incidence of endophthalmitis was also higher in the previous study (7.7%) with all 3 patients ending up with evisceration.^\[[@R7]\]^ Perhaps older age, poorer lid hygiene and higher incidence of dry eye in the previous study lead to a worse prognosis.

The visual outcome is usually guarded once microbial keratitis develops after PKP with a lower rate of graft survival.^\[[@R11]\]^ In this study, only 28.6% of patients preserved clear grafts after keratitis and the visual acuity of 66.7% patients were seriously impaired (\<20/200) with 2 eyes ended up with phthisis bulbi despite optimal antimicrobial therapy. The reported percentage of preserved graft clarity grossly ranges from 23.0% to 51.0%,^\[[@R3]--[@R5],[@R8],[@R15],[@R27]\]^ and more than one-fifth of cases would have a final visual outcome of less than 20/200 which defined as legal blindness.^\[[@R6],[@R8],[@R10],[@R15]\]^ Explanations for the poor prognosis after receiving appropriate antimicrobial treatment in our study are because of postinfection scarring and opacity, and the severe inflammation as well as wound dehiscence would lead to decompensation of graft endothelium.^\[[@R28]\]^ In our previous report,^\[[@R7]\]^ the graft survival rate (30.8%) was similar to the current result. However, visual acuity better than 20/200 was resumed in the total 12 clear grafts in the current series while visual acuity worse than 20/200 was noted in 3 of the 12 patients with clear grafts in previous series.^\[[@R7]\]^ Except for the disadvantages concerning age as well as risks factors and the fact that the clear graft cannot always promise good visual outcome,^\[[@R29]\]^ the definition of clear graft was not illustrated in the article written by Huang et al which may influence the analysis.

In conclusion, the incidence of post-PKP microbial keratitis has generally decreased in recent years while the risks factors, lesion characteristics, and major complications remain unchanged. Compared to the previous report from our institution, *P aeroginosa* persisted as the leading cause of graft infection but the overall incidences of post-PKP keratitis and severe complications have reduced. Close follow-up by ophthalmologists for at least 1 year after surgery, lid hygiene, and self-awareness of potential complications in post-PKP patients are highly recommended.

The authors thank Samuel Chao-Ming Huang, late Director of the Cornea Service at Chang Gung Memorial Hospital, for his support of this study. The authors also thank Chang Gung Memorial Hospital (CMRPG3D0901, CMRPG3E0931, CMRPG3F1471, and CMRPG3G0031) and the Ministry of Science and Technology (MOST 104--2314-B-182A-007) for the support.

Abbreviations: DRJ = donor--recipient junction, PFA = palpebral fissure area, PKP = penetrating keratoplasty.

HCC and CYL contributed equally to this work.

Funding/support: This study was supported by the Chang Gung Memorial Hospital (CMRPG3D0901, CMRPG3E0931, CMRPG3F1471, and CMRPG3G0031) and the Ministry of Science and Technology (MOST 104--2314-B-182A-007) to Chen HC.

The funding organization had no role in the design or conduct of this research; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.

The authors have no conflicts of interest to disclose.
